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Influence of endotoxin contamination on anti-GBM antibody induced
glomerular injury. It is accepted that the main determinant of glomerular
injury in experimental nephrotoxic nephritis is the administered dose of
anti-glomerular basement membrane (GBM) antibody. However, there
are other factors that can enhance the severity of such injury including
small doses of bacterial lipopolysaccharide (LPS). In the present study, we
have assessed whether preparations of anti-GBM antibody contaminated
with different concentrations of endotoxin could influence the severity of
glomerular injury in the heterologous phase of nephrotoxic nephritis. We
have also examined the efficacy of different laboratory methods to isolate
an endotoxin-free anti-GBM antibody, and to purify anti-GBM antibody
preparations from endotoxin. Preparations of anti-GBM antibody (neph-
rotoxic globulin) isolated from nephrotoxic serum by the sodium sulphate
precipitation method contained variable concentrations of endotoxin.
Administration of these preparations in equal doses into clean rats, which
had no established acute phase response, markedly aggravated the severity
of glomerular injury. However, preparations contained less than 50 pg/mI
of endotoxin appeared to have no significant effect on such injury.
Furthermore, isolation of anti-GBM antibody from nephrotoxic serum by
affinity chromatography, using Staphylococcus protein-A column, proved
to be a reliable method not only for the isolation of an IgG (nephrotoxic
antibody) free from other serum contaminants, but also for purification of
endotoxin contaminated preparations of anti-GBM antibody. These ob-
servations have practical implications in studying models of nephritis as
our results show that the glomerular injury, which is usually considered to
be a sole function of the mass of antibody bound to GBM, is profoundly
influenced by minor endotoxin contamination of the anti-GBM antibody.
Experimental models have been used extensively to elucidate
the pathogenesis of nephritis and for exploring the effects of
different treatments. The development of reproducible models
that simulate human disease has been crucial for these studies,
and nephrotoxic nephritis (NTN) is one of the oldest and most
robust. The immediate injury in this model (usually termed the
heterologous phase) results from the engagement of host inflam-
matory mediators by foreign antibody bound to the glomerular
basement membrane (GBM). This causes a transient neutrophil
influx accompanied by proteinuria [1]. The injury is complement
and neutrophil dependent [2].
Studies using radiolabled anti-GBM antibodies have suggested
that the severity of heterologous phase injury in NTN can be
related directly to the mass of IgG bound to the GBM. However,
other factors influence the severity of injury [3, 4]. It has long been
appreciated that glomerular injury is influenced by the strain,
gender, age and weight of the rats being studied, and this is not
surprising given strain determined differences in the intensity of
inflammatory responses in rodents [1]. More recently we have
shown that intercurrent infections [5] or injection of otherwise
non-toxic doses of LPS markedly increases the severity of injury
caused by injection of a standard amount of nephrotoxic antibod-
ies [5, 61. The effect of LPS in these systems is dose dependent and
mediated in part by interleukin-1 and tumor necrosis factor-a [7,
8]. It is associated with the development of an hepatic acute phase
response, and unsurprisingly, injection of nephrotoxic globulin
(NTG) into rats with a spontaneous acute phase response also
results in enhanced injury [9].
In the past, many of the antibody preparations used to induce
nephrotoxic nephritis have been contaminated by LPS. This raises
the question whether LPS contamination influences the severity
of injury, and also whether the dose response relationship be-
tween administered dose of nephrotoxic antibody and injury
reflects the increasing dose of LPS rather than the mass of
antibody bound to the kidney.
The aim of this study was to prepare anti-GBM antibodies free
from endotoxin contamination and compare its capacity to pro-
duce glomerular injury in vivo with other preparations known to
contain small amounts of endotoxin. In order to achieve this,
some preparations of anti-GBM antibodies were isolated by the
conventional sodium sulphate precipitation method and others by
affinity chromatography using the commercially available Staphy-
lococcus protein-A column.
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METHODS
Protocol
The purpose of these experiments was to compare the degree of
endotoxin contamination in nephrotoxic globulin (NTG) pre-
pared by routine methods and to define the effects of' different
degrees of contamination on the severity of injury. The protocol
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was designed to isolate anti-GBM antibody by the conventional
sodium sulphate precipitation method and by the use of commer-
cially available Staphylococcus protein-A column. The endotoxin
concentrations of all anti-GBM antibody preparations were de-
termined by the Limulus assay [10]. Rats in different groups were
injected with either 10 or 20 mg of differently prepared anti-GBM
antibody that variably contaminated with endotoxin. The severity
of glomerular injury was judged by the amount of urinary albumin
excretion in mg per 24 hours. The protocol was also designed to
search for a suitable method to puri/ some of anti-GBM antibody
preparations from endotoxin. These methods include the use of
charcoal to absorb endotoxin and running other similar endotoxin
contaminated preparations through a Staphylococcus protein-A
column.
Animals
Male Sprague-Dawley rats (OLAC, UK) weighing 180 to 200 g
were used in all the experiments. They were housed individually in
metabolism cages for 24-hour urine collections and had free
access to food and water.
White New Zealand rabbits (Froxfield Farm, UK) were used to
raise antibodies against rat glomerular basement membrane
(GBM), rat serum albumin and rat alpha-2-macroglobulin (a2m).
They were labeled and housed individually in cages with free
access to food and water.
Preparation of nephrotoxic serum
Rat GBM was prepared by differential sieving of fresh frozen
rat kidneys after the capsule and medulla had been removed, as
described by Krakower and Greenspon [11]. Nephrotoxic serum
or anti-GBM antibody was prepared as described previously [6, 7].
Briefly, rabbits were immunized with rat GBM in Freund's
complete adjuvant, that were boosted repeatedly with rat GBM in
Freund's incomplete adjuvant. Rabbit serum containing high
titers of antibody to rat GBM, as tested by indirect immunofluo-
rescent, was examined for its contents of endotoxin and was
always found to contain less than 50 pg/ml. It was decomple-
mented at 56°C, absorbed with rat red blood cells, aliquoted and
stored at —20°C until used.
Preparation of nephrotoxic globulin
Nephrotoxic globulin (NTG) was isolated from NTS by sodium
sulphate precipitation method [121, and care was taken to avoid
any contamination with endotoxin.
Isolation of nephrotoxic antibody
Nephrotoxic antibody (NTAb) or the IgG was isolated from
NTS using a Staphylococcus protein-A column [7, 13]. This
technique is based on the usage of protein-A, prepared from a
heat-killed formalin fixed suspension of Staphylococcus aureus
(Cowan strain), coupled to scpharose CL-4B by cyanogen bro-
mide activation giving highly stable gel with minimal non-specific
adsorption. Protein-A remains markedly stable on exposure to
low pH and denaturing agents, and so can be re-used many times
for the purification of IgG from serum without noticeable loss in
its binding capacity. The column used in this project was pur-
chased from Pharmacia (Excorim), and binds lgG optimally at pH
7.0 with elution at pH 3.0. The entire procedure was carried out
at 4°C, and again care was taken to avoid any contamination with
endotoxin.
The column was first washed with endotoxin-free PBS pH 7.0
and equilibrated for 5 to 10 minutes. NTS (90 ml for each run) was
applied directly to the column and washed repeatedly with PBS.
The collected washes were then recirculated through the column
two to three times to maximize the recovery of IgG. The column
was then washed repeatedly with PBS until the washes optical
density was very close to zero, and the IgG was eluted with 0.1 M
glycine-HCI buffer pH 3.0 in fractions of 10 ml collected into
sterile universal tubes each containing 1.2 ml of 1 M Tris pH 10.0
(this volume of 1 M Tris pH 10.0 was needed to bring the 10 ml
eluting 0.1 M glycine-HCI buffer at pH 3.0 to a pH of 7.0 to ensure
IgG stability) with gentle mixing. The fractions were pooled and
concentrated in autoclaved dialysis tubing using Aquacide Il-A (a
hydrophilic lipid material; Calbiochem-Behring Corp., USA)
overnight at 4°C. Then they were dialyzed three times (one hour
each) against PBS at 4°C and eluted into sterile tubes, The optical
density (absorbance) was read at 280 nm. The IgG concentration
was determined by multiplying the absorbance by the dilution and
dividing by the extinction coefficient. The purified, dialyzed and
concentrated IgG was then diluted in pyrogen free PBS or normal
saline to give a final concentration of 10 mg/mI. It was aliquoted,
tested for endotoxin content and stored at —20°C until it was
used.
Induction and assessment of nephritis
Nephrotoxic nephritis was induced by a single intravenous
injection of 10 or 20 mg of different preparations of the isolated
NTAb in 1 ml of PBS. The degree of glomerular injury was
assessed by the magnitude of urinary albumin excretion. Albu-
minuria was measured by rocket immunoelectrophoresis with
locally prepared polyclonal rabbit anti-rat serum albumin anti-
serum, as described previously [5, 7]. Before injection, the prep-
arations of NTS, NTG or NTAb (IgG) were centrifuged at
100,000 g for 30 minutes at 4°C to remove any protein aggregates.
Measurement of endotoxin concentration
The degree of endotoxin contamination of anti-GBM antibod-
ies was assessed by the Limulus Amoebocyte Lysate assay, using
an ELISA kit which was obtained from Kabi Vitrim Ltd. (Ux-
bridge, Middlesex, UK).
Purification of anti-GBM antibodies from endotoxin
Three different methods were applied and assessed to remove
endotoxin from contaminated NTG: namely (a) incubation with
charcoal, (b) incubation with polymixin B, and (c) purification of
lgG using a Staphylococcus protein-A column. Charcoal was used
to absorb the cndotoxin contaminating NTG. This was performed
by mixing 10 ml of packed charcoal (20%) with 40 ml of
contaminated NTG in 50 ml sterile Falcon tubes and dissolved by
rotating them overnight at 4°C. Then they were centrifuged at
2000 rpm for 15 minutes, the supernatant was discarded, and
precipitated NTG was tested for its concentration of IgO and
endotoxin content.
The effectiveness of polymixin B column and/or beads was
assessed in experiments to remove endotoxin contaminating prep-
arations of a2-macroglobulin (02m) isolated from the acute phase
serum of rats injected with turpentine or LPS. Polymixin B
column is available commercially as 1 ml columns or supplied in
a beaded format. The columns have a capacity to remove 2 mg/mI
of endotoxin. The column was first washed with endotoxin-free
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Table 1. Degree of endotoxin contamination of NTG isolated by
sodium sulphate precipitation method
Preparations of NTG
mg/mi
Endotoxin concentration
ng/mi
7.5 2.5
15.6 20.1
8 10
Different preparations of NTG (nephrotoxic globulin) isolated from
different patches of nephrotoxic serum by sodium sulphate precipitation
method. Despite all precautions that have been taken to avoid any
contamination with endotoxin, the end result of NTG preparations always
contained variable but high concentrations of endotoxin.
phosphate buffer saline pH 7.0 (PBS) and equilibrated for 5 to 10
minutes. The cr2m preparation containing 10 ng/ml of endotoxin
(1 ml) was applied directly to the column and run once, and then
washed repeatedly with PBS. The collected washes were then
mixed twice with polymixin beads in sterile 50 ml falcon tubes to
maximise the removal of endotoxin.
The final method tested was based on the capacity of a
Staphylococcus protein-A column to remove IgG from the biolog-
ical fluids. Three NTG preparations that had originally been
isolated by sodium sulphate precipitation method, arid were
contaminated with endotoxin (10, 2.5 and 1.5 ng/ml), were used.
Each preparation of NTG was run separately through protein-A
column in a similar manner to that of NTS. The collected washes
were aliquoted, tested for endotoxin content and stored at —20°C
until used.
RESULTS
Anti-GBM antibody isolated by sodium sulphate precipitation
Despite precautions taken during the sodium sulphate precip-
itation method, including the usage of endotoxin free reagents
such as the washing and eluting buffers, most preparations of
NTG purified by this method were contaminated with endotoxin
to some extent (Table 1).
Influence of endotoxin contamination on the severity of anti-
GBM antibody mediated nephritis
The effect of endotoxiri contamination was assessed in groups
of normal Sprague-Dawley rats. Administration of 10 mg of
relatively endotoxin free (less than 50 pg/ml) anti-GBM antibody
produced small but definite and consistent amount of albuminuria
(3 1 mg/24 hr). Injection of similar doses of anti-GBM antibody
but with an endotoxin content of more than 50 pg/mI and less than
500 pg/ml resulted in significantly greater urinary albumin excre-
tion. Preparations containing higher concentrations of endotoxin
(between 500 and 10,000 pg/mI) caused even more injury, which
was substantially higher than that resulting from high doses (20
mg) of anti-GBM antibodies with an endotoxin concentration of
less than 50 pg/mI (Table 2). However, the severity of such injury
caused by 20 mg anti-GBM antibody was much greater when
preparations contained more than 50 pg/mI of endotoxin. These
results indicate that concentrations of endotoxin contamination of
anti-GBM antibody greater than 50 pg/mI have a significant effect
on the severity of glomerular injury when the heterologous phase
of nephrotoxic nephritis is induced by anti-GBM antibody, and
that increasing endotoxin concentrations have a greater effect on
injury than increasing the dose of anti-GBM antibodies from 10 to
Table 2. Influence of endotoxin contaminated anti-GBM antibody on
severity of glomerular injury in the heterologous phase of nephrotoxic
nephritis
Anti-GBM Anti-GBM
Endotoxin Ab (10 mg) Ab (20 mg)
contamination Number Albuminuria Number Albuminuria
pg/mi of rats mg/24 h of rats mg/24 h
<50 50 3±1 25 14±3
238 10 10 3 2 107 10
381 6 6±3 13 102±26
412 25 6±2 8 72±22
2500 11 14 3 9 95 24
10000 4 61±8 — —
This illustrates the effect of variable concentrations (between <50 pg/mI
to 10 ng/ml) of endotoxin contaminated preparations of anti-GBM
(glomerular basement membrane) antibodies (in 10 or 20 mg doses) on
the degree of renal injury. This is assessed by the amount of urinary
albumin excretion in mg/24 hr in a certain number of rats studied in each
group. The values represent means standard error of means. These data
illustrate the influence of endntoxin contamination of anti-GBM antibod-
ies preparations containing more than 50 pg/mI of endotoxin on the
severity of glomerular injury.
Table 3. The efficacy of charcoal in removing endotoxin from
contaminated preparations of NTG (nephrotoxic globulin)
NTG concentration Endotoxin concentration
mg/mi ng/mi
Preparation (a) 11.2 >10
20% Charcoal 5.7 1.5
Preparation (b) 15.6 20
First 5% charcoal 12.9 16
Second 5% charcoal 8.1 12
The values represent the endotoxin content, as well as NTG concentra-
tions, before and after repeated mixing NTG with variable concentrations
of charcoal (5 to 20%). These data show the ability of charcoal to
effectively remove endotoxin but with a noticeable loss of NTG (about
50%).
20 mg. This defined the need for reliable methods for preparing
NTG with less than 50 pg/mI endotoxin and for removing endo-
toxin from contaminated preparations.
Assessment of methods of removing endotoxin contaminating
NTG
Effect of charcoal. incubation of NTG with charcoal resulted in
partial decontamination from endotoxin. Endotoxin concentra-
tion was reduced from 10 ng/ml to 1.5 ng/ml, but the IgG
concentration was also reduced from 11.2 mg/mI to 5.7 mg/mI.
This was repeated using less charcoal (10%) with another NTG
preparation on two successive occasions in an attempt to immu-
nize the loss of NTG. Endotoxin concentration was reduced from
20 ng/ml to 12 ng/ml, but again NTGwas reduced from 15,6 mg/ml
to 10.1 mg/mI (Table 3). This shows the ability of charcoal to
reduce endotoxin contamination by half, but the accompanied
significant loss of NTG makes it an unattractive method to use.
Effect of polymixin B. Polymixin B proved to be less successful
due to the low volume of the column (1 ml), which is not practical
to use for large volume preparations of NTG. Furthermore,
neither the column nor mixing with the beads caused a desirable
reduction in endotoxin concentration. This was noticed when a
preparation of cr2m containing 10 ng/ml was run once through the
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NTG
preparation
NTG
mg/mi
Endotoxin
ng/mi
Initial A 17 10
Post-protein-A 14 1
Initial B 11.1 2.5
Post-protein-A 8.5 412 pg/mi
Initial C 9.5 1.5
Post-protein-A 8.1 238 pg/mi
column and again mixed twice with polymixin B beads, resulting in
an endotoxin concentration of 3 ng/ml and indicating its low
capacity.
Effect of Staphylococcus protein-A column. Three NTG prepa-
rations that had originally been isolated by the sodium sulphate
precipitation method were used (Table 4). They contained 17,
11.1 and 9.5 mg/mi of NTG and 10, 2.5 and 1.5 ng/mi endotoxin,
respectively. They were run separately through a protein-A col-
umn, and the recovered IgG concentrations were 14, 8.5 and 8.1
mg/mi with an endotoxin content of I ng/ml, 412 pg/mi, and 238
pg/mi, respectively (Table 3). These data showed the efficiency of
protein-A column to remove substantial amounts of endotoxin
without a noticeable loss of anti-GBM antibody concentration.
Anti-GBM antibody isolated by protein-A column
Besides its potential advantage and high capacity to separate
IgG from endotoxin, and its high affinity to isolate the IgG from
serum, the protein-A column was used to isolate the anti-GBM
antibody from the endotoxin free (less than 5 pg/mi) preparations
of NTS. The results showed that it was capable of isolating a pure
IgG (NTAb) free from other serum protein contaminants. This
was demonstrated by a single band on sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) when compared
with that of NTS, and NTG isolated by sodium sulphate precipi-
tation method (Fig. 1).
The final endotoxin concentration of anti-GBM antibody puri-
fied by this technique was always less than 50 pg/mi. The resultant
IgG also retained its full biological activity in vivo and caused an
almost consistent degree of glomerular injury when injected either
aione (10 mg) or in combination with LPS (0.25 jxg) [6—9]. The
only disadvantage of this column was loss of some IgG during
purification. However, this was overcome by recirculating the
globulin preparations through the column two to three times. This
resulted in recovering more than 50% of otherwise lost IgG
(Table 5).
DISCUSSION
The results described in this study demonstrate that the LPS
content of an anti-GBM antibody preparation of greater than 50
pg/mi had a significant effect on the severity of the resulting
nephritis. They also describe the method for preparation of a
nephrotoxic antibody that retains its effect. Our results clearly
show that the severity of nephritis is also dependent on the
concentration of endotoxin contaminating the injected dose of
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Fig. 1. Comparison between the purity of NTS, NTC and NTAb run on
SDS-PAGE. Sodium dodecyl suiphate-polyacrylamide gel electrophoresis(SDS-PAGE) technique was used to define the molecular weights and
contaminants of isolated proteins. This gel compares between nephrotoxic
serum (NTS), nephrotoxic globulin (NTG) isolated from NTS by sodium
sulphate precipitation method, and nephrotoxic antibody (NTAb, IgG)
isolated from NTS by protein-A column. Only one band of lgG can be
seen in the NTAb lane, compared with many other bands of serum
contaminants in NTS and NTG lanes.
anti-GBM antibody. Preparations contained 50 pg/mI or less of
endotoxin appeared to have no significant effect on glomerular
injury. These findings may explain the variability in the degree of
glomerular injury in other studies induced by different prepara-
tions of anti-GBM antibody of unknown endotoxin concentration
in the same model of nephritis.
Despite the precautions taken, including the use of clean
reagents and containers during sodium sulphate precipitation
method, most preparations of NTG were contaminated with
variable concentration of endotoxin. Some preparations con-
tained up to 10 ng!ml, which is sufficient to have a profound effect
on glomerular injury. Charcoal absorption is not an effective way
to remove endotoxin from heavily contaminated preparations, as
there are large losses of IgG as well as endotoxin. Polymixin B
treatment was equally ineffective because of its low capacity for
endotoxin. By contrast, purification of IgG from contaminated
samples using protein-A column removed over 90% of endotoxin
content in a simple step procedure. Taken together, these advan-
tages favored the use of Staphylococcus protein-A column as the
Table 4. Efficacy of protein-A column in removing endotoxin from
contaminated preparations of NTG (nephrotoxic globulin)
Three preparations of variable concentrations of NTG (A, B and C)
that were contaminated with variable concentrations of endotoxin were
run on separate occasions through the protein-A column. The data
represent the efficacy of protein-A column in removing endotoxin without
a noticeable loss of NTG.
160 KDa
(igG)
69 KDa
(albumin)
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Table 5. Effect of recirculation of nephrotoxic serum through a
protein-A column on lgG yield
Optical
density
280 nm
IgG
mg/mi
Recovered
IgG
mg/11.2 ml
0.039 1.5 17
0.114 4.4 48
0.192 7.4 81
0.222 8.5 94
0.243 9.4 103
0.284 10.9 120
0.311 11.9 131
0.279 10.7 118
0.217 8.4 92
0.171 6.5 72
0.118 4.5 50
0.079 3.0 33
0.045 1.7 19
(A) represents 200 ml of nephrotoxic serum run once through the
column with a total yield of 978 mg IgG. (B) represents 90 ml of the same
patch of nephrotoxic serum but run three times through the column with
a total yield of 965 mg of IgG. This shows that running nephrotoxic serum
once through protein-A column leads to some loss of IgG yield, but
running nephrotoxic serum once and recirculating the yield 2 to 3 times
through the column will save about 50% of the otherwise lost IgG.
standard technique for isolation and purification of anti-GBM
antibody.
In conclusion, endotoxin contamination of injected reagents is
another important non-immunological factor that influences the
severity of glomerular injury in the heterologous phase of neph-
rotoxic nephritis and so confounds an interpretation of the results;
it could be important in other experimental models of nephritis.
Lack of awareness of this potential problem may cause variable
and misleading results, and lead to difficulty in assessing the
effects of different treatments on an injury. However, this can
easily be avoided by preparing and injecting endotoxin free
reagents. Together with the use of specific strain, sex, age and
certain range of weight of rats that do not already have an acute
phase response or subclinical infection [9] would certainly lead to
a more reproducible model of nephrotoxic nephritis, and allow
researchers to examine and study the influence and effect of
different treatments more accurately.
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APPENDIX
Abbreviations used in this article are: NTN, nephrntoxic nephritis;
GBM, glomerular basement membrane; NTS, nephrotoxic serum; NTG,
nephrotoxic globulin; NTAh, nephrotoxic antibody; anti-GBM Ab, anti-
glomerular basement membrane antibody; LPS, bacterial lipopolysaccha-
ride; protein-A column, Staphylococcus protein-A column; a2m, alpha
2-macrnglobulin.
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(A) (B)
Optical Recovered
density
280 nm
0.029
0.037
0.071
0.138
0.211
0.344
0.372
0.344
0.274
0.18 1
0.121
0.121
0.086
0.074
0.06 1
0.048
IgG IgG
mg/mi mg/11.2m1
1.1 11
1.4 14
2.7 27
5.3 53
8.1 81
13.2 132
143 143
13.2 132
10.5 105
7.0 70
4.7 47
4.6 46
3.3 33
2.9 29
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